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Abstract of JP2000235144 

PROBLEM TO BE SOLVED: To provide an 
objective lens for projection being suitable for 
short- wavelength lithography. SOLUTION: This 
objective lens for projection is used for the short- 
wavelength microiithography whose wavelength 
is preferably <=100 nm. Besides, it is provided 
with six mirrors, that means, the 1st mirror S1 to 
the 6th mirror S6 arranged so that numerical 
aperture(NA) at an image side becomes NA 
>=0.15. Then, the 5th mirror S5 arranged at a 
position being nearest to a wafer surface 4 is 
arranged so as to be separated at a prescribed 
distance from the wafer surface. 
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f- Aft gtt. IS-^ It t^^3t*< pIteT- .fc 5 IC. 

u-b>hy ^y^^^it-r-sciiA^T'^^o cttt,iiisj^ss 

^cteU^TI4. mi 5^—1*. »^L<I4. IHlDiS^— "C? 

^x— /\Jiicfcft^^u-fe>hy 
^.Mt4. 1 Omr a d * ^-<^T-I43&: < . 
It. 2m r a d-5m r a dT?fey. 2mradA<»^ 

\zt>tz'ox^mmmp^{z&^ z i: ^«iiE-r 

[0 02 1] *ft0^a)-r-<TCDllSEJl^«Slc33l%Ttt. 6 
[0 0 2 2] S:^ffi?^1*)U>XlCto^T. *^B^^C^3L^ 

xit. <i^tji< ^ 'D<D&Bm>^miy>X^jU :^^M 

^i^xit. ^mm^^mit. s,m'7:^<?^mmLxts 
y. ^(Dmrnj^miz^i-^xit. ^m-^^^^^Mi^Lxi^ 
So »^L<i4. &mm^mmit. m^bmrnLtzB^ 

mi^Xl^^o tSh>\z^ ^«;^y hco-b:b>h (jEJS) 
iffir4. O, 5mmJ:y:^^)Ej:4,Oi:-r*Ci:A^r;#-&o 

[O O 2 3] 

^ BJ (7)|IJ6 Jl^ SI O l^ T Ift -r S o 
[0024] 0114. *Fa-r>-i^<»:. m2£^-i:m 

3 S^-^oraicfclt-ST^-fexeSftBBPSjR^S 
c^. O. 2^:l^3llPa<t. S^Lfc. *^P^CDSIliS«^ 



(7) ^112000-235144 



6, 7 2 8-^lzre5^**tTL^^J:5ft. 100nmJ:y 
£«A<5 9 mm-e3&i>-cfc -5 *^^COm 3 IIS6J^ffi$ 

* * fi/hfi * t -r s -r > - vii!i± 13 It -& ffi 
laeii. «pa-<>— o. 30iti^aBipaN 
my Ai^jiXfmi Bit. 

[0025] B1, 3, AiZit. :^^miZj:^6m<D^ 

&IllC^$4xrt>^«fc^lC. Ox— y\|cMt>5L^S 
^-(DfiEffiESmJia). :7'J-3S:5t^Wi!ltfj^llA<Sl+ 20 
t>*tTl^i»o Colics LT. 02IZI4. «5Ltf*S#ff 
P^S^^mS. 6 8 6, 7 2 8■^IZ||^^^^Tt^^cfca 

JilTCO€5KFA<fl6^**v^o ftc*:)*). mi S^- (S 
1) . m2 55- (S2) . m3S^- (S3) . S4 
£^— (S4) , mSS^— (S5) . a6£^— (S 

6) . t^&mt4x^o 

[0 0 2 6] 4*1::. Bi Iwl*. 2*^t>0x— 30 

it 5 > o r- 4, o r J: >f ^ - i? ^ ji^^-r 
v~ C^-f — ;u K£^— ) si^Di^Ti> 

i>o S2, S3. S 4lZj:orJ&dE**l^3fiS^— 3g 

^M^-t^o 2<i5^-SS5, SB 

-fy— i?Z$. Ox— /^®4^^lC^l^T-^' >~v^b-r 40 

[0027] tellie«lB8P*<J^^^BA<. S2£5-S2 
^^3 5^-S 3 irOPB^fC. lBS^:h.TU^i>c 13 1 l::B-« 

Kiwia^'ri)j:5ic. B§p$^jis#SBii. m2s^— s 

2 £^-S 3 t<DPa(rfelt-5 f-Agffi*lCftlx 

jftl^ £ ^— y C (DHJfeJ^SIlc l^T it% 5 S e CO £ so 



^-S5i:. Ox-/\®4i:. (hf^omm (PbIRI) li. 
ffi^$;^irt^-5>£^-S5^D^IS«):y ^,:^^l^o 
^4xli. [S 5;b^t)Ox— /\®4^(D3flc^SK) > CS 

5 £ ^ — S S HL—jsmA tOmOW&t LT. 

( T ) O X— /MCg* jStv£-^ — S-5 OffiffiSSO 3 » 
0^0^'^t. 20mmt. Oftcfc y t ^^t^«i: 5 
fe^lMi. (2) 5 0mmJ:y ^:^^l^cfc•5ni:S 

Xit. Z.a>mmt. 6 0mmi:**t^o 

[0 0 2 8] ;i<;)J:5ftitSc«:^^35:^iii*. Ocfcyt 

»*L<I*1 1 --1 3 nm<7>aKfit t^ofcJ:5«: 
1 0 0 nmp^^Ojfi^SlH^^LTtOffi^lcJl^Lfc^t^a 

T(i. mTLit. Mo/S i ^^S-V^Mo/Be^M^A^ 

li. Mo/S iS^t^-Cfey. A = 1 1 nmdjl^ LTI*. 
Mo/Be^T-fc-So Ur^vOli^rrfeUTt,. ft7 O 

li. 3 5 0MPaSS^-&SJS**<E:iyf&«»« CCD J: 

(z. £^-a>x-y^:;$i«izfcixT, a®^3^*8eL-¥> 

[0 0 2 9] mXitmM:L^-^iCiXl^^^oU. 
iz Jz^ift^mt. RES = kiA/NA i:l^5ii«3« 
imfzLXi.^^0 ZiHit. g/hSO nmtt^5^«;«« 
g^^/rt>-ro ki ^ y V^^:7-< — :^P-tzXl::f*^(D 
/^^y-^t Lfr^^r::. BBPftN A *«/h<DO. 2t 
-ttiit. A = 1 3 nmiCj^LTki =0. 7 7 (C*5Ln 
T. ^fz. A = 1 1 nmClj^LTki =0. 64lcfct^ 
X. M/h3 5 nm^t^5^^1g^ig*<^it»4^^o 

[0 0 3 0] ai rz5^-r««iu>xa)f-Agtt 

I*. e^(7)3jfl^4ja>-C?fe^o ^J^l^. 2 6x3 4cm2 
fc-5)t^Ii2 6 X 5 2 cm2 t L^5 — v:7 :^-— -7 h 
$J^«-r^rctolCfi. *^^(Ccfc-&a^ffl?^!tfelU>X 

A<'>3Ei:< itt,2 6mmT-fci>«fc5«:. Riltt«^lBg*jifi 

[003 1] SKS3tSSi::fcL>TI*. 
^ > ;^ -i; 'V>J5I* "7 X <7 ^ l^ o ^ 5 CD V X 

U>X{l9lci3t^-C^Hr> hy v<?W:ki-J^t^m^mf& 

•thtzibizit. SiS»/]^e-Ax:^y ^^sffiffiL^it 



(8) ^BB2000-235144 



li. O. 5< S1S3/S1S2 <2. ^)^•^. O. 5 

< cs2iap3 / cs3iip) <2ti^o&m^m&^ 

CCT% IH-^S 1 S 31*. — S 1 . S3(DTIjS^: 

5 LCDrBlCD^«e«lSS^^l*LTl^-&p CS2B8 



r a d l^l^3'f ^— i^fiJ-eCDT^U-feVhU ^^SMS^ 
[0 0 3 2] *^>S-<>— i;fflt:<D7-U-b> h U -y^tt 10 

Ttt. MQB3&^ ^\zm^ iiSSS^— S3 

O PpIIc fc (t ^ 3t fcU ^ T IS 1^ It ^ IB P M 

K$P5^*<cL. :i(DmommzmmLtzmnmt^. &m 

-So 

[0033] 01 lrfclt^-f'<TOS^ — S 1 --S 6 
(i. «|7. 3;/mltt^aM^I^^®tt^WLfc#^«®tt 20 

[003 4] em^^'-'>^^\y:yX(D:^ttj:xmnm. 

I*, ms s^— s sfzjsixxecy. tti 8. 4* -efc 

tc. S5£^-S5lCfcl^TEcy. fel 4. 7* tffe 
-So A = 1 3 nmfC^SIt-Slfi&S^Mfi. O. O 3 2 A cfc 

yta^-rrfey. TK-f > h-r>-va)m'Dxuii. 3 n so 

[003 5] m2 S^-^tmS S^-^CDPe^lCfeft^ga 

pfijK^eci. g*icr^-b;^RiBi>£#:t<0T*fe^o hp 



p] I*. 2a)m^^KP^a>rscDS»d4MRi$ 

S^I^LTtx^o *t>(C. Igl. 3, 4(7)tx-r*ta)|lte}^ 
\Z^ U^^;UA>e>S 1 ^(DffiBK*. S 2 35xP>S S'^OJffi 
;usi <S2S3ltt^aii^3b<^5:L-Ct^«»o ^ L < 

tt. UT^;ni. StDcosv— (05^1*. S2) <7)iti:& 
-M^J*. u^y^^^Ji^tsztcomcommit. 8 0m 

[0 0 3 6] ^tc. 3, 4, SCDHJfeJ^^lCfcLx 

rii. 5^— S3, s ereiorBiPii*. zitit)^^— s 

3, S6i:LT+»3&i¥*a>S^— 

*3fc^iSICfcl%ri*. O, 3x ( S 3 (7>ffi^Eg+ S 6 
CD{£ffi®») <S3S6^l^^ii«■e&^Ci:3&<»^L 

[0 0 3 7] JtflTCOai fcfctxTI*. miizm^i^fz^ 
^^OJi'^J^—^t^. Code V ^nxm^^t 
tlXl"^^^ ?^1^U>Xli. 2 6x2mm2 i>:t>aR3niJ^ 

mm'Cfc^o 
[ai] 



(9) 4$ia2000-23S144 





2f« 










INF 


8D.91Z7 
413.0257 


258. 1723 




5 1 


A(t) 


-88.8251 
-324.2006 
0.0000 


197. 5712 
195. 6194 

188.6170 


BSFL 


S 2 


A(2) 


324.2006 
423.6214 

aoooo 


188.7076 
67. 1798 

183.2180 


REFL 


S 3 


A(3) 


-42X 6214 
-74-9270 


184.7062 
519. 


REFL 


S4 


A(« 


498.5484 
109. 8242 
281.3288 


541.0453 
248.6244 

177.5488 


Rsa 


S5 


A(5> 


-281. 5288 


65.0842 


REFL 


S6 


A (6) 


281.5288 


187.9549 
78.3999 


REFL 






59. 9202 


53.9889 








[l+(l-(l*IO( 
K 


K 


♦(A)YV(B)T*i 

B 


C 


""—*——"—* 
D 


A(l) 


0. 00031800 


>27. 686599 


a.OOOOOE-KX) 


1.32694E-I5 


2. 00546E-20 


-8,49471E-25j 


A (2) 


0. 00094928 


-3. 998204 


XOOOOOE-HX) 


4. 03894E-t5 


-6. J6O47E-20 


2. 73303E-25 j 


A<3) 


0.00126752 


0. 424198 


OOOOOE-KK) 


1. 58766E-15 


27965E-20 


2.8032a£-24 


A (4) 


O.OOJ 23850 


0.023155 


5. OOOOOEHK) 


2. 46048E-17 


-1. 08266E-22 


3. 75259K-28 


A(5) 


0. 00329892 


2, 902916 


[>. OOOOOE+00 


1. 55628E-12 


-6,71619£-I7 


-5. 30379E-21 


A (6) 


0. 00277563 


0. 072942 


9. 00O00E4O0 


2. 96285E-I6 


3.99125E-21 


4. 55007E-26 


^m&B:= 1 3 nm 



[0 0 3 8] 02irii. see, 

7 2 S-ii^fCcfc-S. A< 1 O O nm«tl>5a^S-^(D-7-<^ 
(::. 't'x— /\(r:gt,afit^S^— S 5 it. ^x— /\it. CO 

[O O 3 9] S3|Z(i. 6fflS^-ffe^^OftgnItfe?S: 

Tt. ai l::^3^t'5SP«^l^«<^^«lcot^T^*. 

'^x—yMcStafiOS^ — S scoUgcfc y t:*:^ 5^:^(7) 
T'fc-So 01 <Dii^i:|^fil|w. S 2 it S 3 irOraOffiJS 50 



li. 5t(7>^@4#i^0-3fflSB5, 6 8 6. 7 2 8^<7)«-& 

[0040] 01 (0>ttteiu>X(::?*Lra>i ocDffi^^ 

f*. 0 3IZi3l%TI*. BlP^fE^eB3&«. «1 5^— S 
1 ±l::lHM*:h.Tl^^:Ilt•eS>^o ^ICDlBMO^^it L 

T. s2±^zfct^•l:sl^$*^frSM3tA^bCD^^^^t^« 

^S)b<s 1 it s 2 lt^DFp1^cl^S*t^Tl^-5>li^lz(i. % 
I*. S^l^y >^it LTm/S$tlTl^-S>§|P$^JK^^^^ 

^T®ig-r^-<t*<T-^^o 0 3iz^-rm2iis£ji^®ic 

fctvTtt. §BPI*. S 1 S^-F«9l3a3lt-&gBPi:-r*C 
itt. SI <D«®Ji(z{ifiL/rMPi:-r«>Ci:*,-e# 

[0 04 1] C(Dm2||J6f^«Otea)5pJi5tt. 5^ — s 
4*<«®«^lt^:KTl^^CltT*fc^c CCOCitl*. S 

^ — s 4 A< z (7)pt ^ S 0) 4= -e^ :^ ^ t^ S ^ — T & ^ C 

S SlCjJt^rScy. «1 8. 6' T:fc-&o «^<7>iK® 
SSI*. 1. 7mmIllIa)R?iaf^^gi^l^lZfcl^rtt. A = 
13nm(Z^Sl^T. O. 03 2A-efc^e^fc. — 
S 4*^0. 4 ;/mt£lt*5-rAM::^fa^®i: S4^•Cl^-61g* 



(10) 



^682000-235144 



\Z\t. 'A^mmt. 1. 8mml|gCDR5Ql]^Slf^*^IC^l^ 
Tli. A = 1 3 nmlCfet^T. 0.031 XV&^o ^ 



[0 0 4 2] S2li. g3lC^^L/c5fgJt«3U>X<D 
Oa^rzl*. S4S^ — S4li. 2*®-efe€>o 2 6X 
ft2 Smm'Cfe'Se 



»btt-6e »*L < li.-BBa^E^SI*. S 2S1 
< O. 9x [S2IBP] i:t^5li«^iSfc■rcfc5lcL 



-IS 2] 

















BB 2401 
3a6. 4668 


256. 1389 




S 1 


Ad) 


0.0024 
-35a 4691 

a. 0000 


203.8941 
203.8845 

201.9677 


REFL 


S2 


A (2) 


358.4691 
mS455 

aoooo 


201. 9942 
60. 7572 

187. 2498 


REFL 


S3 


A (3) 


-39a 5456 
-104- 1273 


188.9474 
505.8686 


KEFL 


S4 


A(4) 


494. 6729 
114.3062 
281.6969 


560.3686 
256. 9217 

181.7337 


REFL 


S 5 


A (5) 


-281.6969 


64.4286 


REFL 


S 6 


A (6) 


281. 6969 


167. 8549 
78. 1545 


REFL 






60. 0041 


53.6996 






K : 




[l*(l-(l+K)( 
K J 


A 


+ (A)Y'*(B>Y^ 
B 


^<or+CD>y'• 

C 


D 


Ad) 


0. 00035280 


-58. 238840 


0. OOOOOE+00 


2. 14093E-15 


2. 29498E-20 


0. OOOOOE+OO 


A (2) 


0. 0009797 1 


-4. 160335 


D. OOOOOF.+OO 


1.54696E-!5 


8. J5622E-21 


O.OO0O0£-KX) 


A(3) 


0.00117863 


-2, 138423 


0. OOOOOE+OO 


-1. 78553E-16 


3. 45455E-20 


O.OOOOOE^ 


A (4) 


0.00124362 


0.000000 


D. OOOOOE+OO 


0. OOOOOE400 


0. 00OOOE4O0 


0. OOOOOE+OO 


A (5) 


0. 00338832 


2. 909987 


D. OOOOOE+OO 


7.90123E-i3 


7. 04899E-17 


0. OOOOOE-KX) 


A (5) 


0.00278660 


0. 062534 


0. OOOOOE-KK) 


2. 79526E-16 


7. 00741E-21 


0. OOOOOE+OO 


^B^-^ 3nm 



[0 0 4 3] ^(Dmt 



7-^?^d:t5*>^2 5^-~S2±(C. pt^e«)(CA>oattfit, 
(cl2M*4xTl^«)o S2±|c|§PfiJpg^K^ES-r^C 

T. 2mmigCOR5ifl^SSl^l::fct>TI*. A = 13nm 

izni^x. }&mmmi)^o. 021 Ar-fc-So ffi^**tr 



1 ^cfel/m2|llte?^SIi:l^«|:i. ft2 6mmT?fe^p ^ 

re^CDSIII*. '^7x-y^rcS=t3fit^S5-S5a)ltg«^:y 
40 com 3 g|^feJ^SIIcJ3t^T I*. »5 9mm-e 

[0 0 4 4] asii. S4l>0!)5^Lfc^3^SS»SII=fc 
l+-S>3fe^W/<^ Code V (SetSSS) 

[£3] 



(11) 



^§92000-235144 















TVC 


84. 0595 
473.5521 


205.6642 




S 1 




*145. 826! 
-327.7260 
0.0000 


147.3830 
136.4700 

112.0176 


REFL 


S 2 


AlZ) 


473. 5521 . 
190.4830 

aoooo 


1 12. 1228 
163.5236 

184.4783 


REEL - . 


S 3 


AO) 


-190.4830 
-399. 1713 


185.3828 
358.6720 


REFL 


S4 


A<4) 


589.6560 
207.5220 
276.2668 


654.5228 
310. 1977 

175.3066 


REFL 


S 5 


A(5) 


-276.2668 


65.2138 


REFL 


S 6 


A (6) 


276.2668 


I62.S1S9 
77.5085 








59.0000 


53.9968 








[1+(1-(I+K)( 
K / 




+ <A)Y-<-(B)y^ 
B 


^<OY•+CD>Y'• 

C 


D 


Ad) 


0.00015851 


441.008070 ( 


).OOOO0E-K)0 


-3.499I6E-I6 


1. 27478E-19 


-3. 37021E-25 


A (2) 


0.D00K993Z 


-5.032907 { 


>. OOOOOE-KX) 


-6. S585;JE-15 


-7. 53238E-20 


-2.74751E-24 


A<3) 


0.00188578 


0.913039 ( 


).OOO00E-K)O 


-1.60100E-15 


-9. 53850E-20 


I. 30729E-26 


A<4) 


0.00108147 


O.Q.'»602 ( 


), OOOOOE+00 


2.48925E-18 


-5. 29046E-24 


-4.37117E-31 




0.00269068 


7.253326 < 


lOQOOOE-KX) 


-5. 70008E-13 


-9. 32236E-I7 


-6.09046E-2I 


|a(6) 


0. 007.81036 


0. 150957 ( 


}. OOOOOE-tOO 


1.30822E-15 


1. 86627E-20 


5.0B158E-25 


1 a nm 



[0 0 4 5] astt. :^^m<Df^4mMmm^^Lx^ 

-^4 — S 2-S 4;!)^t>?'d:i)m1 -y-Z^i^XT^At. 
fc^J:^*. S2, S3, S4S^ — S2, S3, S4 



Unaii. NA=0. 28-e3&^o fiaCDS^ — S5^ 
^x-/N®4«!:a)FB^(7)3t^e«Ilc:7U— /jriSf^Silli. 'I; 

0-3 Omm^L>5«^Fi:. (DfO J: U t:*:^* t,<D t * 
tLTl>^e BIPWE^Sfi. S2 S^— S2Jilw<aSL 

too 4 6] «4I*. @5twC!I^Lfcm4SIJSJ^SIICfc 
lt'5>3t^fi«|/<^>-5»*. Code V (SfilHS) «»T-^ 
LTL>-5)o 

[S4] 



{12) 



4tP2000-23S144 















INF 


151.2625 

229.0S20 


194.7605 




Is 1 


Ad) 


-39.4068 
-1B9.67S2 
O.OOOO 


162.9862 
147. 1426 

65.0637 


RBFL 


|s-s 




£29. 0820 


CSLICCO 


VSft 




MB 


137.5708 
0.0000 


1GS.3S04 
230.5128 




S 3 


A(3) 


-137.5708 
-300.3445 


234.0072 
38&2S67 




S4 


A(4) 


437.9153 
133.0981 
3S3.0840 


630.7784 
343. 1578 

257.02SS 


REFL 


S 5 


A(S) 


-353.0840 


79.9521 


KEFL 


S 6 


A(6) 


353.0840 


264.2853 
78.6376 


SEFL 






44.0000 


S4.00S1 






M 


K 

E 


A 

F 


B)y*(coyt<i 

4(E)^^(F)YN 

B 

G 


C 
B 


J 


A(l) 


-0.00060028 


0. 000000 
O.OOO00EHK> 


-3. S537BE-09 
0. OOOOOE-HX) 


5. 36841E-14 
0.00000£iOO 


-7.86902E-1S 
0.00000£^ 


-5.07886E-24 
O.OOOOOE+00 


A(2} 


0.OD040O02 


0.000000 

aoooooE^oo 


1.68187E-07 
COOOOOE-KX) 


2.0557aE-12 

aoooooe^oo 


2.42710E-1C 
O.OOOO0E4O0 


S.69764E-2D 

aoooooE^ 


A(3) 


0.00113964 


-2.760663 
COOOOOE^ 


O.DOOO(S-Hn 
O.OOOOOE'iOO 


-3. B6n9E-16 
0. 00000E400 


1.03881E-U 
0.OO0O0EHM] 


-S.64996E-24 

aooooo£+oo 


A<4) 


0. 00128753 


0.019273 
-6.Z0361E-33 


0. 0O000E-K)0 
0. OOOOOE^ 


5, 82746E-1B 
0. OOOOOE+00 


-1. 7749SE-22 
0.0OOO0E-KK] 


1.64954E-Z7| 
0. OOOOOE-KK) j 


A<S) 


0. 00373007 


11.6888988 
0. OOOOOEHH) 


O.00000E-KX) 
O.O0000E400 


-5.53902E-12 
0.OO0OQE4OQ 


-4. 32712E-IC 
0.0000Ce4OC 


-1. S4425E-19i 
1 0.00000E^I 


A(6) 


a 00240387 


-0.002567 
O.OOOOOE+00 


O.OOOOOE'iOO 
O.OOOOOE-KXI 


-6.789S5&-16 
O.OOOOOE400 


-B.39621E-2] 
Ql OOOOOEHH 


-2.95854£-25| 
1 aOOOOQEHUl 





[0047] Il6ti> 13 5 tl^^i-CfeStOCOfiferoftg 
(msHJgSJlg) ^5iL-Ct^i). CflJJi 



Code V (ae^Sa) «f)i-e. a5l=5i 



(13) 



4$ea2000-235144 



S 1 



A<L) 



S3 



S4 



S5 



S6 



DiP 



103.2808 



A(a) 



A(4} 



A(S) 



A(6) 



-39. 2890 
•180.01S2 

na 

0.0000 



219. 8 M2 



131.2051 
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